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❖*lntroductionto Fan Noise 
❖❖ Generation Mechanisms 
❖❖ Suppnessionlechniques 


❖❖Summary 


Much of the data presented here isfrom NASA 
wind tunnel tests and FAA databases. Engine 
and fan noise data are company proprietary 
and not publicly available. 
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❖*lntroductionto Fan Noise 
❖❖ Generation Mechanisms 
❖❖ Suppnessionlechniques 


❖❖Summary 


Noise data are presented here using a variety of 
metrics including sound pressure level (SPL) 
spectra, sound powerlevel (PWL) spectra, and 
Effective Perceived Noise Level (EPNL). 
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Motivation 


Aire raft noise hasan adverse effecton the 
environment and asa result it is regulated. 
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Millions of Passengers 


A Glowing Pioblem 


Projected growth of passengertraffic in the U.S. 
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Source: FAA Report 
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C ommunity Noise Metric 
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Noise Margin 


Cumulative noise (CUM) margin is the 
sum of the individual margins. 
(Airbus 380-842 CUM Margin =16.4EPNdB) 
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Engine Noise Sources 


Fan isone of the several engine noise sources 
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Engine Source levels 


Fan isa significantcontributorto the overall engine noise emissions 



Estimated Source Level Breakdown fora High Bypass Ratio Turbo fan 
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Directivity of Fan Noise 








Characteristics of Fan Noise 


Fan noise has rich content and characteristics. 
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Source: NASA Data 






Spectral Content of Ran Noise 


Fan broadband noise is the non-tonal component of the 
spectrum (i.e., part notcoherentto the fan shaft rate). 



115 y 
110 - 

00 

105 - 

■O 

■■ 

- 

100 -- 

<D 

■■ 

> 

95 - 

CD 


1 

90 

CD 


s— 

85 - 



CO 

CO 

80 - 

CD 


s_ 

75 -- 

Q_ 


■O 

70 - 

c 

-■ 


65 -- 

o 

■ ■ 

C 0 

60 -■ 


55 -■ 


50 J- 



u 










Fan Tones 



Source: NASA Data 


Shaft Order 



Ran Broadband Noise 



❖❖ Fan noise is principally produced asa resultof 
unsteadyflow perturbationsinteracting with 
the fan bladesand the outletguide vanes. 

❖♦> Fan broadband noise isgenerated bythe 
interaction of flow turbulence with the blades 
and vanes. 

❖❖ Importantsouncesoffan broadband noise 
include ... 
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Rotor Souic es 




Inlet BL turbulence is scattered 
into sound by the rotor blade tips. 


Inletturbulence impinging on the 
bladesisanothernoise source. 



Blade BL turbulence is scattered 
into sound at the trailing edge. 
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Rotor/ Stator Interaction Source 



"The principal source of fan broadband noise is the interaction 
of rotorwake turbulence with the fan exitguide vanes. 



15 





Source Hierarchy 



Generally rotor/ stator interaction noise is more important 
than rotor self- noise though the lattershould not be ignored 
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Stage Configuration 
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Eflec t of Rotor Tia remission 



•w Inletyexha ust power noise split is partly governed by the 
notoracoustic transmission which iscontnolled by the 
rotor geometry and flow a/virl downstream of the rotor... 
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Eflec t of Rotor Tia remission 



•w Inlet/exhaust power noise split is partly governed by the 
notoracoustic transmission which iscontnolled by the 
rotor geometry and flow a/virl downstream of the rotor... 




Moderate Blade Count Fan Low Blade Count Fan 


As the rotorblade countdecreases, swirl becomesthe 
primary barrieragainst the notoracoustic transmission. 







Effect of lip Clearance 



Up gap doesnot have a significant influence on noise. 







Noise Mitigation 
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Cycle Change 
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The advent of high bypass 
ratio engineshasbeen a 
majorfactorin reducing 
both fan and jet noise. 
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Line is 



Single Degree of Double Degree 
Freedom (SDOF) of Freedom (DDOF) 


Acoustic linerisa common noise reduction 
technology used in aircraftenginestoday. 


NASA ADP Fan 
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NASA LinerTestbed (ADP Fan) 
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Overall, no significant 
difference wasseen in 
the performance of 
SDOF, DDOF, and Bulk 
linersovera wide range 
of frequencies 

Source: NASA Data 
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Line r Impa c t (C ontd ) 
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Inlet + Exhaust Noise 


115 


55 60 65 


Substantial noise 
reduction can be 
achieved using liners 
overa wide range of 
frequencies and tip 
speed conditions. 


70 75 80 85 90 95 

Percent Fan Speed 

CL 

■g 120 


100 105 110 


Inlet Noise Only 


03 

_Q 

"O 

03 

O 

O 


115 


110 


105 



(HW , HW , HW) 
(SDOF, DDOF, DDOF) 
(DDOF, DDOF, DDOF) 
(Bulk , DDOF, DDOF) 


— 55 60 65 


70 75 80 85 90 95 100 105 110 

Percent Fan Speed 


24 







Reduce Broadband Noise 

Reduce Tone Penalty 


Vane Count 




Vane Count Impact 



Vane count reduction can reduce R/S interaction broadband noise 
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Variable Area Nozzle (VAN) 



Operating the fan close to its highest 
efficiency point at each tip speed 
should reduce fan noise by improving 
flow incidence on the fan blades 
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*Open area exaggerated fo r illustration purposes 27 




Broadband PWL, dB 


VAN Impact 



Broadband noise level neductionswere measured forallfan 
operating conditionsovera wide range of frequencies. 
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Source: NASA Data 
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Soft Vane 
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Broadband APWL, dB 


Over-The- Rotor ( 019 ) Treatment 




55 60 65 70 75 80 85 90 95 100 ' 55 60 65 70 75 80 85 90 95 100 

Percent Fan Speed Percent Fan Speed 

Source: NASA Data , n 





Concluding Remarks 


❖❖ Fan isan important source of aircraft engine noise 
whose importance is likely to grow with increasing 
engine bypassratio. 

❖❖Abetterunderstanding ofitssource mechanisms 
and scaling lawsshould provide deeperinsight 
fordevising methodsformitigating it. 

Noise reduction benefitsdrawn from cycle 
change will likely reach a plateau requiring 
more reliance on noise reduction technology. 

❖❖More innovative noise reductiontechniquesmay 
have to be brought to bearto make substantial 
breakthroughs in reducing fan broadband noise. 
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